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1、从采集于 2009 年至 2011 年的杂色鲍（Haliotis diversicolor）病鲍中分离
出一株具有强致病性的优势菌 AP37。在 106 CFU/mL 的浓度下的浸泡感染实验
表明，杂色鲍在水温为 20 ℃、24 ℃和 28 ℃的条件下的死亡率分别为 0 %、53 %
和 67 %。肌肉注射实验也表明菌株 AP37 的半致死浓度 LD50 较低，为 2.9×102 
CFU/g。对胞外产物等毒性相关因子的进一步分析表明，菌株 AP37 具有鞭毛，
能够产生脂肪酶、磷脂酶和溶血素等多种与致病性相关的胞外产物。看家基因
rpoD、rctB、gyrB、toxR 及 pyrH 的多位点联合分析将菌株 AP37 鉴定为 Vibrio 






较为丰富，Vibrio 为优势菌群，所占比例为 93.8 %；然而病害池的健康样品（DA）
的菌落数量最低；从健康池濒死鲍样品（HM）、DA 和 DM 中均可分离获得分子
鉴定为 Vibrio atlanticus 的菌株，且其在这些样品中占有较大比例。T-RFLP 方法
对样品微生物多样性的分析与培养结果一致，并且发现片段 504 bp 出现在样品
HM、DA 和 DM 中且占有较大比例，能够产生 504 bp 的菌株多数为弧菌属，504 
bp 可能是重要的与病害相关的指示片段。鉴定为 V. atlanticus 的菌株同样能够产
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Abstract 
Abalone is an important economic shellfish species in China. Since 1960s, abalone 
producers had developed methods of abalone aquaculture. However, along with the 
enlargement of abalone farming scale, which strengthened the level of intensive 
culturing, abalone aquaculture encountered frequent disease outbreaks. This situation 
had became the bottleneck of the abalone industry development. Bacterial infection was 
considered to be one of the most important factors that led to abalone deaths. In this 
paper, we combined traditional cultivated method, the method of identification of 
pathogenic bacteria, molecular ecology methods, and high-throughput sequencing 
method, to investigate the dominant species and its characteristic that led to abalone 
disease outbreaks, to study and analysis the relationship of the composition and 
dynamics in microbial community and the process of abalone disease outbreaks. The 
main results are as follows: 
1, Dominant species AP37 was isolated from moribund abalones during disease 
outbreaks from 2009 to 2011, and the isolate AP37 exhibited the strongest virulence. 
After immersion challenge with 106 CFU/mL of AP37, abalone mortalities of 0, 53 and 
67 % were induced at water temperatures of 20 °C, 24 °C, and 28 °C, respectively. 
Following intramuscular injection, AP37 showed a low LD50 (median lethal 
concentration) value of 2.9 × 102 CFU/g (colony forming units per gram abalone wet 
body weight). For further analysis of virulence, AP37 was screened for the production 
of extracellular factors. The results showed that various factors including presence of 
flagella and production of extracellular enzymes, such as lipase, phospholipase and 
haemolysin, could be responsible for pathogenesis. Multi-locus sequence analysis 
(MLSA) of concatenated sequences, including the rpoD, rctB, gyrB, toxR and pyrH 
genes, identified strain AP37 as V. harveyi. In antibiotic susceptibility tests, strain AP37 
exhibited susceptibility to 7 antibiotics and resistance to 13. 
2, To understand the relationship between microorganisms and the disease of 
farmed juvenile abalones (Haliotis discus hannai), we analyzed the composition of the 
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method and terminal restriction fragment length polymorphism (T-RFLP) analysis. The 
cultivation results showed that the number of bacterial colony forming units (CFUs) in 
healthy juvenile abalones from a healthy pond (HA) was higher than in the other 
samples，and Nesterenkonia sandarakina was the dominant bacteria in the HA samples; 
in samples from unhealthy ponds, moribund abalones (DM) exhibited a higher bacterial 
diversity, and the Vibrio genus comprised up to 93.8 % of total bacterial CFUs；
Conversely, the healthy juveniles in the diseased ponds, which were still attached to the 
bricks, demonstrated the lowest numbers of CFUs. Vibrio atlanticus, which was 
isolated from the HM (moribund abalones in healthy ponds), DA (healthy abalones in 
unhealthy ponds) and DM samples, comprised a large proportion of the bacterial 
composition of these samples. The result of T-RFLP analysis on bacterial diversity of 
samples was consistent with the cuLtivation result. A terminal restriction fragment 
length of 504 bp was obtained from the HM, DA and DM samples, and occupied a large 
proportion. This result implied that TRF of 504 bp is an important indicator fragment. 
The strain which was identified as V. atlanticus also produced TRF of 504 bp, so it may 
be associated with this abalone disease. 
3, Using high-throughput sequencing method, we compared the microbial 
structure and variation in the gut and hepatopancreas Haliotis diverscolor in different 
heathy status, and also in the surrounding water which held the abalone samples. 
Results showed that Mycoplasma, which belongs to phylum Tenericutes, distributed 
widely in abalone gut and hepatopancreas, and in the aquaculture water. Besides, it was 
the most dominant bacterial component in gut of all abalone samples, and the propotion 
of Mycoplasma in cDNA extracted from healthy samples was less than it in cDNA from 
unhealthy samples. It implied that Mycoplasma presented steadily in abalone, and the 
aquaculture water, and it may be the potential pathogenic bacteria. Psychrilyobacter 
tended to be more prevalent in heathy abalone gut samples (AH, ah) than in less-active 
abalones and moribound abalones (AD, ad, AM). Besides, the difference was more 
obvious in the corresponding cDNA samples. Prolixibacter possessed the largest 
proportion in AM sample than other samples. Interesting, genus Vibrio had lager 
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DNA or cDNA libaraies. On the other hand, microbial communities from 
hepatopancreas showed distinct composition. Among them, δ-Proteobacteria was the 
dominant bacteria group, and one unidentified marine bacteria named SAR324 had the 
greastes percentage in each status. 
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的最佳温度为 15-20 ℃，适宜盐度为 32-35 ‰，pH 为 8.0-8.4 之间，海水溶解氧
在 4 mg/L 以上（张璐等，2005）。鲍的免疫方式主要为非特异性免疫，由细胞免
疫和体液免疫组成（王广军等，2005）。鲍的一生大致可以分为卵、幼体、稚鲍





开展人工养殖的有 10 余种，其中养殖数量较多的有皱纹盘鲍（Haliotis discus 
hannai）、杂色鲍（H. diversicolor）、中间鲍（H. midae）、黑唇鲍（H. rubra）、绿





























Fig. 1-1 Anatomical structure of the abalone  
(A) all of the abalone (decorticated shell, dorsal view). 1. Gill, 2. Mantle, 3. 
Epipodium, 4. Foot, 5. Right adductor muscle, 6. Horn-like digestive gland, 7. 
Digestive gland, 8. Crop, 9. Stomach, 10. Left slime gland, 11. Mantle cavity. (B) 
Digestive system of the abalone (dorsal view). 1. Mouth, 2. RaduLa, 3. Left 
lateral pouch, 4. Right lateral pouch, 5. Esophagus, 6.crop, 7. Stomach caecum, 
8. Stomach, 9. Intestine ascending section, 10. Intestine descending section, 11. 
Rectum, 12. Anus. 
 
目前，我国已成为世界第一养鲍大国，2010 年养殖产量达 5.65 万吨，占世
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